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© Method of controlling filter time constant and filter circuit ha«in« *• 

based on the method. ^^"'"^ constant control function 



© A method of controlling the' time constant of a 
filter (2) for use in a radio receiver w^hich receives a 
signal, transmitted from a transmitting station at a 
predetermined period, intermittently at the predeter- 
mined period and demodulates and delivers the re- 
ceived Signal, a filter circuit having the time constant 
control function based on the method, and a radio 
receiver having the filter circuit. Preferably, the filter 
has its time constant switchable stepwise and spe- 
cifically, parallel connection of capacitors (211 to 
213. 221 to 223) or shortcircuiting of resistors (230 
to 232. 240 to 242) is controlled by turning on/off 
switches (311 to 313. 321 to 323: 330 to 332. 340 to 
342). A controller (3, 30) within the filter circuit or the 
radio receiver performs control for applying a pre- 
determined periodical signal (or standard pusle sig- 
nal) (PL) to the filter and controlling the time con- 
stant of the filter in accordance with an output signal 
(or triangular pulse) (Fqut) during a first time zone 



within each operation inten/al for the intennittent 
reception and for filtering the signal from the trans- 
mitting station and causing a demodualting circuit (6) 
to demodulate and deliver a filtered signal 
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METHOD OF CONTROLLING FILTER TIME CONSTANT AND FILTER CIRCUIT HAVING THE TIME CON- 
METHOD OF CONTROLLl CONTROL FUNCTION BASED ON THE METHOD 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a method of 
controlling the time constant of a filter and a filter 
circuit having the time constant control function 
based on the method, and more particularly to a 
time cosntant control method suitable for a filter of 
a receiving unit of a paging radio receiver which is 
required to be reduced in voltage, power and size. 



Description of the Related Art 

|n a conventional filter time constant control 
system, the op ration of filtering a received signal 
and the operation of controlling the time constant of 
a filter circuit for filtering are carried out in parallel. 

For example, there are provided a filter for 
filtering an input signal (hereinafter referred to as a 
main filter), a control circuit for controlling the time 
constant of the main filter, and an artificial filter 
having the same construction as that of the main 
niter, whereby a standard pulse signal having a 
predetermined frequency is applied or inputted to 
the artificial filter so that the aritifical filter may 
deliver an output signal the level of which is com- 
pared with a predetermined reference level. As a 
result of the comparison, a voltage or current com- 
plying with an error between the output and refer- 
ence levels is fed back to the artificial- filter and 
supplied to the main filter, in a polarity which 
cancels the error. 

In the above arrangement, when the relative 
accuracy (inclusive of control characteristics) be- 
tween the main and artificial filters is designed to 
be high, the voltage or cun-ent fed back to the 
artificial filter can act on the main filter so as to 
cancel the en-or in the man filter. 

Incidentally, used as the time constant control 
element within the filter is. for example. "ON" re- 
sistance of variable capacitor diodes or D-MOS's 
which are controllable by voltage or "ON" resis- 
tance of diodes which are controllable by current; 
but capacitors and switches acting as control ele- 
ments which are on/off controlled for connection of 
capadtors are not used- The reason for this is as 
follows. As described previously, in the conven- 
tional receiving system, filtering of the received 
signal and time constant control of the main filter 
are carried out in parallel and therefore, if the 
control element such as the capacitor is used as 



the time constant control element, then the switch 
will be turned on or off, causing a noise which 
interferes with the main filter. 

In another conventional system, an oscillator is 
; constructed using time constant control elements 
whithin an artificial filter, a phase difference be- 
tween an oscillation signal from the oscillator and a 
standard pulse signal having a predetermined fre- 
quency is detected, and a voltage complying with 
0 the phase difference is supplied to the artificial 
filter and a main filter. The voltage complying with 
the phase difference acts on the main filter as it 
acts on the artificial filter. 

The aforementioned conventional systems are 
,5 disclosed in JP-A-60-214617 and "On-chip Auto- 
matic Tuning for a CMOS Continuous-Time Filter", 
by Mihai Banu et al.. ISSCC85/FRIDAY, FEBRU- 
ARY 15. IEEE International Solid-State Circuits 
Conference. 



SUMMARY OF THE INVENTION 

Today, it has been desired to make a filter in 
25 the form of an LSI with its size and power reduced 
and especially to realize a small-sized paging radio 
receiver of reduced power consumption by using 
the filter in the form of the LSI. However, a ceramic 
filter is widely used in the conventional paging 
30 radio receiver and the size reduction of the receiver 
- is limited. Further, in realizing the filter portion with 
the LSI. the monolithic (main) filter using vanable 
capacitor diodes as time constant control elements 
must be used in combination with the artificial filter 
35 of the same construction and control circuit which 
are adapted to control the main filter, as described 
previously. Accordingly, the total area of the filter 
circuit inclusive of the control circuit and artificial 
filter causes a bottleneck to size reduction. In addi- 
40 tion. the time constant control is effected during the 
sigtial receiving operation and disadvantageously 
power consumption is increased correspondingly. 

Specifically, when the variable capacitor diode 
is used as the time constant control element of the 
45 filter a control voltage of about 3V is required for 
controlling the capacitance of the filter by about 
±25%. When the time constant control element is 
so designed that "ON" resistance of D-MOS tran- 
sistors is controlled by a gate voltage, the filter 
so must be a differential active filter in order to com- 
pensate harmonic distortion generated by non-lin- 
earity of the D-MOS transistors and the use of the 
differential active filter is unsuited for redution of 
the circuit area. 
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An object of the invention is to provide a meth- 
od of controlling the lime constant of a filter having 
a small circuit ar a and operative at low power and 
low voltage, and a filter having the time constant 
control function. 

Another object of the invention is to provide a 
radio receiving method suitable for a radio receiver 
which uses the aforementioned filter so as to be 
reduced in circuit area and operative at low power 
and low voltage. . 

To accomplish the first object, a filter time 
constant control method according to the invention 
comprises the steps of inputting a standard pulse 
signal having a predetermined frequency and a 
predetermined signal level to a filter in advance of i 
each time that filtering of an input signal is effected 
at a predetenmined timing, comparing an output 
signal level from the filter with a predetennined 
reference level, and adjusting the time constant of 
the filter in accordance with the comparison results. 2( 

To accomplish the second object, according to 
the invention, a radio receiving method applicable 
to a radio receiver in which circuits within the radio 
receiver are operated intermittently at a predeter- 
mined period, and a received signal is filtered 2£ 
during each operation interval and thereafter de- 
modulated and delivered, comprises the steps of 
controlling the time constant of a filter in the radio 
receiver during a first time zone within each opera- 
tion interval, and filtering, demodulating and de- 30 
livering the received signal during a second time 
zone following completion of the time constant con- 
trol. 

Specifically, when the receiver is tuned to the 
transmitting station, a baseband circuit within the 35 
receiver responds to information allotted to time 
slots contained in a transmission signal to deliver a 
battery-saving signal (BS signal) at a predeter- 
mined period (21 sec pursuant to the standard). 

Subsequently, the controller for controlling the 4o 
time constant of the filter applies the standard 
pulse signal to the filter during a predetermined 
interval (for example. 3 msec) beginning with a 
predetermined timing following rise of the BS sig- 
nal (for example. 10 msec after the rise), and a 4s 
level of an output signal from the filter is compared 
with a predetermined reference level, whereby the 
filter time constant control is effected and after 
completion of each time constant control, the re- 
ceived signal is switched to the filter, demodulated so 
by the demodulating drcuit and delivered (in the 
form of. for example, sound or display). 

A plurality of capadtors are connected in par- 
allel (or resistance elements are connected in se- 
ries) wthin the filter, and the controller selects from 55 
them necessary capadtors (or resistance elements) 
by means of switches in order to control the filter 
time constant A ratio of capacitance among the 



plurality of capacitors connected in parallel (in the 
case of resistance element, a ratio of resistance) is 
increased sequentially at the rate of two times, for 

example, in such a fashion as 1 . 2. 4. 8 

The filter output signal level is subjected to 
analog-digital (A/D) conversion by an analog-digital 
(A/D) converter and the controller compares the 
converted signal level with a predetermined refer- 
ence level, threby performing the filter time con- 
stant control. Then, a reference voltage supplied to 
a standard pulse signal generator which generates 
the standard pulse signal inputted to the filter dur- 
ing the time constant control interval is used in 
common as a reference voltage used for A/D con- 
version by the A/D converter. 

In the filter time constant control method ac- 
cording to the invention, prior to performing filtering 
of an input signal received at a predetemifned 
timing, the standard pulse signal having a predeter- 
mined frequency and a predetennined signal level 
is applied to the filter and the time constant of the 
filter is controlled in accordance with an output 
signal from the filter, thereby ensuring that the 
artifical filter and the like circuits needed conven- 
tionally can be dispensed with and the power con- 
sumption and circuit area can be reduced. 

The niter time constant control is carried out by 
turning on/off the switches to select necessary ca- 
pacitors (or resistance elements) from the plurality 
of capacitors connected in parallel (or resistance 
elements connected in series) within the filter. Ac- 
cordingly, the variable capacitor diode or differen- 
tial active filler needed conventionally can be dis- 
pensed with, thus facilitating lowering of power 
supply voltage or size reduction of the filter per se. 

Further, by increasing the capacitance ratio 
between sequential or adjacent capacitors (or resis- 
tance ratio between sequential or adjacent resis- 
tors) among the plurality of capacitors connected in 
parallel (or resistors connected in series) at the rate 
of two times and performing sequential selection 
and setting of time constant bits beginning with the 
maximum bit and ending in the minimum bit. the 
setting can be completed through the same num- 
ber of setting operations as the number of bits. 

Similarly, in the radio receiving method accord- 
ing to the invention, the time constant of the filter 
within the radio receiver is controlled during a 
predetermined interval following the start of each 
intermittent operation, and after completion of the 
filter time constant control, the received signal is 
demodulated during each predetermined interval, 
thereby ensuring that the artificial filter and the like 
drcuits conventionally needed can be dispensed 
with and the power consumption and circuit area 
can be reduced. 

Further, by using the reference voltage sup- 
plied to the standard pulse signal generator which 
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generates the standard pulse signal inputted to the 
filter in common as the reference voltage used for 
A/D conversion of the filter output signal by the A/D 
converter, the influence of errors contained in the 
standard pulse signal per se upon the gain change s 
of the MD converter can be cancelled out. 

The foregoing and other objects, advantages, 
manner of operation and novel features of the 
present invention will be understood from the fol- 
lowing detailed description when read in connec- io 
Hon with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

75 

Fig. 1 is a schematic block diagram of a paging 
radio receiver to which the filter time constant 
control method of the invention is applied; 
Fig. 2 is a time chart showing how the time 
constant control interval of filter and ttie de- 20 
modulating interval of received signal are related 
to a battery-saving signal; 

Rg. 3 is a time chart showing clock signals and 
switch drive signals appearing during the filter 
time constant control interval; 25 
Fig. 4 is a circuit diagram of a filter in which the 
time constant is controlled by switching resis- 
tance; 

• Rg. 5 is a time chart showing signals appearing 
during ttie time constant control interval of the 30 
filter shown in Rg. 4; 

Rg. 6 is a graph for explaining the frequency 
band of a standard pulse signal used for the 
filter time constant control; 

.Rg. 7 is a schematic block diagram showing 35 
another embodiment of the paging radio re- 
ceiver to which the filter time constant control 
method of the invention is applied; and 
Rg. 8 is a time chart showing clock signals and 
switch drive signals appearing during the filter 40 
time constant control interval in the Rg. 7 em- 
bodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 45 

An embodiment in which a filter time constant 
control system of the invention is applied to a 
paging radio receiver will now be described with 
reference to the accompanying drawings. so 

Fig. 1 is a schematic diagram showing the 
paging radio receiver to which the invention is 
applied. In the figure, reference numeral 1 des- 
ignates an input switching circuit for selectively 
switching and receiving a signal received through 55 
an antenna (not shown) and a standard pulse signal 
for control of filter time constant, 2 a tow-pass filter 
the time constant of which is variable, and 3 a 



control logic circuit for controlling the time constant 
of the filter 2. Additionally, the receiver comprises 
an analog-digital (A/D) converter 4 for converting an 
analog signal delivered out of the filter 2 into a 
digital signal, a digital filter 5. a demodulating cir- 
cuit 6 for demodulating the digital signal, and a 
baseband circuit 7 for delivering a battery-saving 
signal (BS signal) to which the timing for intermit- 
tent operation of reception is referenced and also 
delivering an output signal to output circuits includ- 
inq a display, for exmaple. 

The baseband circuit 7 responds to the con- 
tents of a signal (control signal) received preceden- 
tly from a transmitting station through the antenna 
to deliver the battery-saving signal (BS signal) at a 
predetermined period during a predetermined inter- 
val which starts at a certain timing. For example, 
when the transmitting station communicates with a 
plurality of receivers on time division base, a con- 
b-ol signal transmitted from the transmitting station 
to each receiver contains information concerning 
time slots to be allotted to each receiver. Thus, the 
baseband circuit 7 delivers, at a start timing des- 
ignated by the information, the BS signal at the 
predetermined period during the predetermined in- 
terval. A specified timing chart will be described 
later with reference to Rgs. 2 and 3. 

For avoiding prolixity, output circuits (for exam- 
ple, liquid crystal display and the like) connected to 
the baseband circuit 7 and a circuit for generation 
of a reference voltage V^i supplied to the A/D 
converter 4 and the like are not illustrated in the 
drawing. 

During the interval for delivery of the BS signal, 
the receiver controls the time constant of the filter , 
and demodulates and delivers the signal received 
from the transmitting station. In tiie present em- 
bodiment, before filtering of an input signal is effec- 
ted by means of the filter, the time constant of the 
filter is controlled in advance. 

The operation of demodulating a received sig- 
nal after completion of control of the filter time 
constant will now be described. 

A received signal is inputted through a signal 
input terminal 8 (IN), passed through a switch 10 
(SIN) in the input switching circuit 1 and delivered 
to an input line (F,n) of the filter circuit 2. The 
signal is then subjected to filtering in the filter 2 
and inputted to the MO converter 4. A converted 
digital output signal from the A/D converter 4 is 
supplied to the digital filter 5 and demodualted in 
the demodulating circuit 6. The baseband circuit 7 
decodes a signal from the demodulating circuit e 
and delivers a decoded signal to the output circuits 
(for example, the display). Part of circuits wittnin the 
receiver are supplied witii the aforementioned BS 
signal from the baseband circuit 7 so that their 
power supplies may t>e turned "OFF" In the ab- 
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sence of time slots allotted to the station of its own, 
thereby preventing unnecessary power consump- 
tion. In the drawing, ttie Internal power supplies, 
switches between the respective circuits and the 
resf)eclive power supplies and interconnections are s 
not illustrated. 

The operation to be carried out prior to the 
processing of the received signal during the filter 
time constant control interval will now be de- 
scribed. 70 

During the interval for control of the time con- 
stant of the filter 2. a standard pulse signal (PL) 
generated from a standard pulse signal generator 
31 is inputted to the filter 2 through a switch 11 
(SPL). At that time, the switch 10 (SIN) is so ;5 
controlled as to be turned off. An output signal 
from the filter is supplied via the A/'D converter 4 to 
the control logic circuit 3 and the time constant of 
the filter is controlled in accordance with a level of 
an output signal of the circuit 3. 20 

Rg. 2 is a time chart showing how the time 
constant control interval of filter 2 and the de- 
modulating interval of received signal {hereinafter 
referred to as main receiving operation interval) are 
related to the BS signal. 25 

As descrit)ed previously, during the interval 
that tfie intermitting receiving channel is tuned to 
the transmitting station, the delivery of the BS 
signal is repeated at the predetermined period but 
in Rg. 2, only one period of the BS signal is 30 
illustrated. 

Refenring to Hg. 2, a start pulse signal (ST) is 
a signal generated, in response to the BS signal, 
from a start pulse clock signal generator 36 of Fig. 
1. This ST signal is so controlled as to rise in 35 
synchronism with rise of the BS signal and fall at 
the expiration of Tco interval. A control operation 
end pulse signal (END) is so conb-olled as to rise at 
the expiration of 1 3 msec beginning with rise of the 
BS signal and fall in synchronism with fall of the -to 
BS signal. 

This END signal is delivered to the aforemen- 
tioned input switching circuit 1 , which turns on the 
switch 10 (SIN) during on-state of the signal (END). 
The END signal is inverted and delviered to the 45 
switch 11, thereby fuming off the switch 11 (SPL) 
at that time. During off-state of the END signal, the 
switch 10 (SIN) is turned off and the switch 11 
(SPL) is turned on. 

The filter time constant control operation is so 
carried out within an interval T^ between the fall of 
ST signal and the rise of END signal. The main 
receiving operation starts at U at which an interval 
Tc following the rise of BS signal expires and ends 
at the expiration of inten«tl Tl at which the BS 55 
signal falls. The interval Tl is fixed to 1.3 sec 
pursuant to the system standard concerning paging 
radio receivers and the present emtxidiment 



agrees to this standard. Pursuant to the system 
standard, the period. Tp. of the bS signal is also 
fixed measuring 21 sec and the present embodi- 
ment also agrees to this standard in this respect. 

The interval Tco indicated in Hg. 2 is required 
in order that the function of individual circuits con- 
nected to the power supplies within the receiver 
can be stabilized in response to the BS signal, and 
an interval of 10 msec following the rise of END 
signal is required for start-up of the other digital 
circuit than the filter. These intervals may be set to 
appropriate values in course of filter circuit design 
or may be set to desired values. 

The operation of each block comprised in the 
control logic circuit 3 of Rg. 1 will now be de- 
scribed in greater detail. 

Receiving the BS signal, the start pulse clock 
signal generator 36 delivers the ST signal for deter- 
mining the start of the control operation and the 
standard clock pulse signal (CL1 signal). A timing 
signal generator 33 receives these two pulse sig- 
nals and delivers a clock pulse signal (CL^ signal) 
for determining the frequency of the standard clock 
signal PL and a clock pulse signal (CL3. signal) for 
causing a switch controller 32 to control the timing 
for switch control. The standard pulse signal gener- 
ator 31 responds to the clock pulse CL2 to deter- 
mine the frequency of the standard pulse signal PL 
and to the reference voltage V^ei to determine the 
amplitude level of the standard pusle signal PL. 

Fig. 6 is a graph useful in explaining the rela- 
tion between the standard pulse signal PI and filter 
characteristics of the filter 2. In the graph of Fig. 6, 
abscissa represents the frequency of the input sig- 
nal to the filter and ordinate represents the output 
signal level (gain) from the filter. 

The filter 2 has its filter characteristic which 
varies as shown at state A or B because of vari- 
ations in resistance, temperature and the like fac- 
tors as well as manufacture errors in capacitance. 
Accordingly, the shifting state A or B of filter char- 
acteristic must be corrected to a target filter char- 
acteristic by controlling the filter time constant. In 
the present embodiment, the filter time constant is 
controlled in accordance with results of a compari- 
son between a filter output signal level and a 
predetermined signal level (Vth). To this end. it is 
preferable to use as the standard pulse signal PL 
to be inputted to the filter a signal having such a 
frequency that the output signal level of the filter is 
affected greatly by variations in filter characteristic. 
Therefore, in the present embodiment, the standard 
pulse signal PL is so designed as to have a fre- 
quency in out-target band of the filter. 

Further, in the present embodiment, the refer- 
ence voltage V.^, for determining the level of the 
standard pulse signal PL is also used as that for 
gain determination in the A/D converter 4. 
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For example, the signal level of the standard 
pulse signal PL can be expressed as 
PL = K1 • V„, 

where K1 is constant, indicating that the standard 
pulse signal is a signal proportional to the refer- 
ence voltage Vref. On the other hand, a signal PL' 
delivered out of the A/D converter 4 has a signal 
level expressed as 
PL = G • Vfout 

where G is constant and Vfout is filter output 
voltage, indicating that the signal PL' is propor- 
tional to the signal level of Vfout- 

It is to be noted that the relation between Vref 
supplied to the A/D converter 4 and constant G can 
be expressed by a fornnula of G = K * ^/\/,el 
where k' is constant. When noticing that the output 
level of the signal is given by Vfout = K2 * PL 
where K2 is constant, the aforementioned latter 
equation is reduced as follows: 
PL = G • Vfout 
= G • K2 • PL 
= K • 1/V„, • K1 • V,3f • K2 
= k' • K1 • K2 

indicating that the reference voltage Vref has no 
influence upon the signal PL'. Accordingly, by us- 
ing the sarrie reference voltage Vref 'n common for 
the standard pulse signal generator 31 and A/D 
converter, the influence of errors interfering with 
V,ef can be cancelled out. 

In order to on/off control switches associated 
with capacitors (C's) 211 to 213 and 221 to 223 
used for time constant control (hereinafter simply 
referred to as "on/off control capacitors"), the 
switch controller 32 delivers switch drive signals 
SD1, SD2 and SD3 and the aforementioned END 
signal. Timings for these signals are determined by 
the input clock CL3. The "H" or "L" state of the 
switch drive signals SD1, SD2 and SD3 ("H" for 
turn-on of switch and °L" for turn-off of switch) is 
sequentially determined in accordance with the "H" 
or "L" polarity of a decision output signal THO of a 
comparator 35. A level detector 34 detects a peak 
to peak value {Vp.p) from AC amplitude of the 
standard pulse signal PL' delivered out of the A/D 
converter 4 and delivers the detected value to the 
comparator 35. The reason why the Vp.p value is 
detected is that the PL' signal sometimes contains 
a DC offset component due to an amplifier 22 
comprised in the filler 2 and a level decision error 
due to this component must be prevented. The 
comparator 35 delviers "H" when the level deteec- 
tion output Vp.p value is higher than a threshold 
value Vth but "1 " when lower. 

As shown in Rg. 1, the filter 2 includes a 
resistor (R) 20 connected to the input signal line 
(Fin), a first stage filter comprised of a plurality of 
capacitors 210 to 213 connected in parallel to the 
output end of the resistor 20, a resistor 21 and a 



second stage filter comprised of a plurality of ca- 
pacitors 220 to 223. Especially, for capacitor con- 
nection control, the capacitors 21 1 to 21 3 are asso- 
ciated with switches (SC's) 311 to 313, respec- 

5 lively, and the capacitors 221 to 223 are associated 
with switches 321 to 323. 

Three bits are needed for control of the filter 
time constant. More specifically, the capacitors 21 1 
and 221 are on/off controlled in accordance with 

JO "H" or "L" of the switch drive signal SD1 (first bit), 
the capfcitors 212 and 222 are on/off controlled in 
accordance with "H" or "L" of the switch drive 
signal SD2 (second bit), and the capacitors 213 
and 223 are on/off controlled in accordance with 

J5 "H" or "L" of the switch drive signal SD3 (third 
bit). 

A ratio of capacitance among the capacitors to 
be on/off controlled by the first to third bits is set to 
be 4:2:1 so that a ratio of 2:1 may be set up 

20 between sequential capacitors. More specifically, 
the capacitors 21 1 and 221 are designed to have a 
sum capacitance of 4(pF). The capacitors 212 and 
222 a sum capacitance of 2(pF) and the capacitors 
213 and 223 a sum capacitance of 1(pF). By set- 

25 ting the capacitance ratio among the capacitors in 
the manner as above, the three control bits can be 
used to control the capacitance in unit of a mini- 
mum controllable capacitor capacitance of 1(pF) 
within a control range of 7(pF). Accordingly, given 

30 that the fixed capacitors 210 and 220 have a sum 
capacitance of 10(pF). the total capacitor capaci- 
tance can be controlled within a control range of 
from 10 to 17(pF). 

Referring now to Rg. 3, the relation between 

35 the filter time constant control operation and the 
previously-described clock signals CL1 to CL3 and 
switch drive signals SD1 to SD3 will now be de- 
scribed. For convenience sake, an example will be 
explained where the filter time constant control is 

40 earned out to set the filter capacitance to 15(pF). 

In synchronism with fall of the aforementioned 
start pulse signal (ST signal), the start pulse clock 
signal generator 36 delivers the clock pulse CL1 
having a period of 125 usee. The timing signal 

45 generator 33 references this clock pulse Cl to 
deliver the clock pulse CL2 having a period of 250 
usee and the clock pulse CL3 having a period of 1 
msec. The standard pulse signal PL delivered out 
of the standard pulse signal generator 31 is a 

50 rectangular wave having a frequency coincident 
with that of CL2. At the timing for control start, the 
switch drive signals SD1. SD2 and SD3 are all 
rendered "H". with the result lhat the switches 311 
to 313 and 321 to 323 are all rendered "ON". At 

55 the first rise of CL3, the signal SD1 is rendered "L" 
to bring the corresponding switches 311 and 321 
into "OFF" state which is held during one period (1 
msec) of CL3. This 1 msec time is required in 
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order that the filter output signal after switcfiover of 
the switches can be stabilized. Thus, in accordance 
with a value of comparator output THO immediately 
before the second rise of CL3. the state ("L" or 
°H') of the switch drive signal SD1 is determined. 

Since in this example the Vjh is so set as to 
make the filter capacitance 15(pF). the output value 
THO of the comparator 35 is "H". As a result, the 
switch controller 32 sets the switch drive pulse SD1 
to "H". Subsequently, at the second rise of CL3 
the signal SD2 is set to "L". As a result the" 
switches 312 and 322 are rendered "OFF". Simi- 
larly, at the third rise of CL3, the immediately 
preceding THO is "L" and therefore the switch 
controller 32 sets the SD2 to "L" in order to render 
the switches 312 and 322 "OFF" and at the same 
time sets the SD3 to "L". Consequently, the 
switches 313 and 323 are rendered "OFF". At the 
fourth^ rise of CL3. the immediately preceding THO 
is 'H" and therefore the switch controller 32 sets 
the SD3 to °H" in order to render the switches 313 
and 323 "ON" and at the same time sets the 
control end pulse (END signal) to "H". As a result, 
the switch SIN is turned on and the switch SPL is 
turned off in the input switching circuit 1 , thereby 
bringing about the state where the main signal 
reception can be permitted. 

As described above, by setting the switching 
capacitors of the filter sequentially from the maxi- 
mum bit to the minimum bit. the control operation 
of all time constants can be completed when set- 
ting of the minimum bit ends. 

The total filter capacitance Cc can be changed 
through the above capacitor control operation as 
shown at the bottom section in Fig. 3. At the end of 
the control operation, the value of Cc measures 15- 
(pF) within the adjusting range of from 10 to 17- 
(pF). In the present embodiment, the control 
switches 311 t 313 and 321 to 323 are set in such 
a manner that all the switches are rendered "ON" 
upon start and the switch drive pulses are rendered 
"L" sequentially beginning with the drive signal 
SD1. In an alternative, however, a method based 
on the inverted polarity may be employed wherein 
all the switches are rendered "OFF" upon start and 
the switch drive pulses are rendered "H" sequen- 
tially beginning with the SD1 signal. 

Further, in the foregoing embodiment, the time 
constant of the filter 2 is controlled by switching 
the capacitor capacitance but alternatively the time 
constant control can be effected by switching resis- 
tance. 

Fig. 4 is a circuit diagram showing a filter 
constmction in which the resistance is changed. As 
shown, in the filter designated by 2. an input line 
(Fw) of the filter is connected to the input switching 
circuit 1 and an output terminal (Fqut) is connected 
to the A/D converter 4 as in the case of the filler 2 



Of Fig. 1. and internal resistors 230 to 232 and 240 
to 242 are controlled for short-circuiting by means 
of associated switches 330 to 332 and 340 to 342. 

The filter 2 is a low-pass filter including a first 
stage filter comprised of resistors 230 to 233 con- 
nected in series with the input line (F.^) and a 
capacitor 24. and a second stage filter comprised 
of resistors 240 to 243 connected in series and a 
capacitor 25. The resistors 230 and 240. 231 and 
241. and 232 and 242 are controlled in accordance 
with "H" or "L- of switch drive signals SDl' to 
SD3 . When a ratio of resistance among these sets 
of resistors is set to be 4:2:1 (for example, the 
resistor sets have resistances of 4 Q. 2 0 and 1 n 
J5 respectively), the three control bits (SDi' to SDS ) 
can be used to control the resistance in unit of 
minimum controllable resistance of 1(D) within a 
control range of 7(0). 

Since in this embodiment the individual resis- 
20 tance are short-circuited when the SDl' to SD3' 
signals are rendered "H". the polarity of the SDl' 
to SD3 msut be inverted as compared to that of 
the SDl to SD3 signals explained in connection 
with Fig. 3. 

25 When the time constant control is carried out 

usinp the filter 2 , the switch drive signals (SDl' to 
SD3 signals) and the total resistance. R. are 
changed as shown in Fig. 5. The behavior shown in 
Hg. 5 resembles in principle that in Rg. 3 and will 
30 not be described herein. 

In the foregoing embodiments, the filter time 
constant control system of the invention has been 
described as applied to the paging radio receiver 
which performs the receiving operation periodically 
35 However, the filter time constant control - system - 
according to the invention may also be applied to 
an apparatus wherein a filter is comprised in the 
apparatus, the time constant of the filter is con- 
trolled for correction and thereafter the controlled 
40 and corrected filter is used for an intended signal 
processing. For example, a radio, a television and a 
communication terminal may be enumerated as 
this type of apparatus. In this case, the connective 
relation between the filter 2 and time constant 
OS control circuit must be changed slightly. For exam- 
ple, when the filter output signal takes the form of 
an analog value, the output signal of the filter 2 of 
Hg. 1 may be inputted directly to the level detector 
34 and connected to output circuits handling the 
so filter analog output signal as it is. 

The foregoing embodiments have been de- 
scribed as directed to automatic con-ection of man- 
ufacture errors of the filter time constant but the 
filter in these embodiments may readily be used as 
55 a variable filter if the threshold voltage Vth of the 
Rg. 1 comparator or the level or frequency of the 
standard pulse signal PL is adjusted. 

A second embodiment of the invention as ap- 
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plied to the paging radio receiver will now be 
described. 

The foregoing embodiments use the standard 
pulse signal of the predetermined frequency and 
level as the signal inputted to the filter during the 
time constant control interval. Contrary to this, in 
the second embodiment, a triangular wave is gen- 
erated using time constant detennining elements of 
a filter, the output level of the triangular wave is 
compared with a fixed reference level, and the filter 
time constant is controlled and switched in accor- 
dance with the magnitude relation between the 
compared levels. 

Fig. 7 is a diagram for explaining the second 
embodiment. Referring to Rg. 7. a triangular wave 
generator 9 includes an input switching circuit for 
generating a triangular wave and a switch circuit 
which is on/off controlled to connect/disconnect the 
opposition ends of capacitors. Denoted by 30 is a 
control logic circuit for controlling the time constant 
of the filter 2. The function and operation of com- 
ponents 8. 2. 4, 5. 6 and 7 are the same as that of 
the corresponding components in Fig. 1 and will 
not be described herein. 

Applied to a switch (SPL) 11 of the input 
switching circuit is a DC voltage Vb. A switch (SO) 
92 has one end grounded and the other end con- 
nected to the input of an amplifier 22 provided for 
capacitors 220 to 223 of a filter 2. 

The control logic circuit 30 has no circuit cor- 
responding to the standard pulse signal generator 
31 of Fig. 1. In the second embodiment, a timing 
signal generator 330 delivers a pulse (SWP) 500 
for on/off controlling the switch (SO) 92 of the 
triangular wave generator 9. An output signal (Fqut) 
47 of the filter 2 is applied directly to a comparator 
35. Accordingly, in contrast to the digital type com- 
parator in the first embodiment, the comparator in 
the second embodiment is of an analog type; The 
remaining portion of the control logic circuit 30 is 
the same as that of the circuit 3 in the first embodi- 
ment and will not be described herein^ 

Alternatively, the triangular wave generator 9 
may be connected, for example, between a resistor 
(R) 21 and a capacitor 213 in the filter 2. 

Since in the first embodiment the capacitor 
corresponding to each bit is rendered "OFF" at the 
rise of CL3 and there results a transient response, 
it takes 1 msec (corresponding to 4 periods of the 
standard pulse signal) for the level of standard 
pulse signal PL to become stable, totalling 3 msec 
for 3 bits. However, in the second embodiment, the 
opposite ends of the capacitor are short-drcuited at 
the rate of one period of the signal by means of the 
switch (SO) 90 to reset the level and therefore the 
influence of the transient response becomes negli- 
gible. Accordingly, when the period of the switch 
drive pulse SWP (Rg. 7) is designed to be identical 



to that of the standard pulse signal PL (Fig. 3), the 
period of CL3 (Fig. 7) becomes 1/4 of the period of 
CL3 (Fig. 3) and the total time Tci required for time 
constant control measures 0.75 msec which is 1/4 
5 of 3 msec. 

Referring now to Rg. 8. signal waveforms at 
various points in the second embodiment will be 
described. Waves ST. CL1, CL3 and END in Fig. 8 
resemble those in Rg. 3 and their description will 
10 be omitted. 

In Fig. 8. the drive pulse SWP is to on/off 
control the switch (SO) 92 and in this example the 
switch is turned on with high level "H" of the dnve 
pulse and turned off with low level "L" of the drive 
fs pulse. The output signal Four of the filter 2 stands 
for an input signal to the comparator 35. Simulta- 
neously indicated on ordinate of a graph section 
indicating the Four waveform are a threshold volt- 
age Vth of the comparator 35 and a DC voltage Vb- 
20 The output signal, THO. of the comparator 35 is 
rendered high level "H" when the level of the input 
signal (Four) 47 is higher than the threshold Vth but 
is rendered low level "L" when lower. 

These waveforms take place in the case where 
25 the total capacitance of the capacitors within the 
filter is set to 15(pF) as in the case of Rg. 3 
corresponding to the first embodiment. 

The signals SD1 . SD2 and SD3 start falling at 
the same timing or phase as that in the first em- 
30 bodiment (see Rg. 3) but start rising at earlier 
timings than those in the first embodiment (see Rg. 
3). For these reasons, the waveform of the total 
capacitance Cc of the capacitors varies differently 
from that shown in Rg. 3 but the ultimate total 
35 capacitance Cc of the capacitors can also be con- 
verged to 1 5(pF). 

As is clear from the description of the fore- 
going embodiments, according to the filter time 
constant control system of the invention, the filter 
40 capable of controlling the time constant can be 
reduced in its circuit area and power consumption. 
Specified effects can tie enumerated as below. 
The first effect is such that the power con- 
sumption reduction can be attained by separating 
45 the time constant control operafion from the normal 
operation and completing the former operation 
within a short interval of time. As described pre- 
viously, while the received signal demodulating in- 
terval of the paging radio receiver is 1300 ms, the 
50 time constant confrol interval (Tci) of tiie filter is 3 
msec. Thus, the time. ratio of the time constant 
control interval to the demodulating interval of the 
received signal is about 0.23%. indicating that pow- 
er consumption during the time constant control 
55 interval can be reduced to a level which is almost 
negligible. 

The second effect is such that the invention 
does not require the conventional artificial filter and 
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the circuit area and power consumption can be 
reduced correspondingly. This is because in the 
present invention, the standard pulse signal is ap- 
plied directly to the filter used for filtering the 
received signal without resort to the aritificia! filter s 
and the output level of the fitter is compared with 
the reference level to detect the time constant 
difference. 

The third effect is such that there is no need of 
using a filter including variable capacitor diodes as io 
hme constant control elements and therefore no 
high control voltage is required, thereby ensuring 
reduction in power supply voltage. In addition, such 
a differential active filter as used in the case where 
ON resistance of D-MOS is utilized can be un- is 
needed and therefore the circuit area can be re- 
duced. 

The fourth effect is such that the control time 
can be reduced by setting a ratio of capacitance 
(or resistance) among capacitors (resistors) used 20 
as time constant control elements to 4:2:1 to set up 
a ratio of 2:1 between sequential elements and by 
shifting the setting operation sequentially from the 
maximum bit to the minimum bit during the time 
constant controlling. In the embodiments, the num- 25 
ber of bits is 3 and the time constant control 
operation can be completed through three-times 
setting operations (about 3 msec). 



Claims 

1. A method of controlling the time constant of a 
niter (2) operable to intermittently filter an input 
signal to deliver the same and having its time 35 
constant switchable stepwise, comprising the steps 
of: 

inputting to said filter a periodical signal (PL) hav- 
ing a predetermined frequency and a predeter- 
mined signal level during a predetermined interval 4o 
preceding each filtering operation: 
switching the time constant of said filter by a 
predetermined number of times in accordance with 
an output signal (Fqut) from said filter; and 
performing filtering of the input signal after comple- as 
tion of switching of the time constant of said filter. 
2. A filter circuit for controlling the time constant of 
a filter (2) each time that intemnittent filtering of an 
input signal is effected by means of said filter, 
comprising: ^ 
said filter having its time constant switchable step- 
wise; 

a controller (3) for controlling the time constant of 
said filter; and 

a selector (1), responsive to a command (END) 55 
from said controller, for selectively inputting to said 
filter either said input signal or a periodical signal 
(PL) having a predetermined frequency and a pre- 



determined signal level. 

wherein said controller applies said periodical sig- 
nal to said filter in advance of each filtering opera- 
tion and responds to an output signal (Fqut) from 
said filter to control the time constant thereof. 
3. A filter circuit for controlling the time constant of 
a filter (2) each time that intermittent filtering of an 
input signal is effected by means of said filter, 
comprising: 

said filter having its time constant switchable step- 
wise; 

a controller (30) for controlling the time constant of 

said filter; and 

a selector (9), responsive to a command from said 
controller, for selectively connecting to said filter 
either an input line of said input signal or a con- 
stant voltage source (Vq) for causing said filter to 
generate a triangular wave (Fqut), 
wherein said controller connects said constant volt- 
age source to said filter in advance of each filtering 
operation and responds to a triangular-wave output 
signal from said filter to control the Hme constant 
thereof. 

4. A radio receiving method in which circuits within 
a radio receiver are operated intermittently at a 
predetermined period and during each operation 
interval, a received signal is filtered and thereafter 
demodulated and delivered, comprising the steps 
of: 

inputting to a filter (2) within said radio receiver a 
periodical signal having a predetermined frequency 
and a predetermined signal level and controlling 
switching of the time constant of said filter during a 
first time zone within each operation interval: and 
filtering, demodualting and delivering said received 
signal during a second time zone after completion 
of said time constant control. 

5. The method of any one of Claims 1 to 4, 
wherein used as said frequency of said periodical 
signal is a frequency in out-band of said filter. 

6. A radio receiver for receiving a signal, transmit- 
ted from a transmitting station at a predetermined 
period, intermittently at said period and demodulat- 
ing and delivering the same, comprising: 

a filter (2) operable for filtering an input signal and 
having its time constant switchable stepwise; 
a demodualting circuit (6) for demodulating and 
delivering an ouput signal (Fqut) from said filter; 
a controller (3) for controlling the time constant of 
said filter; and 

an input switching circuit (1). responsive to a com- 
mand from said confa-oller. for selectively inputting 
to said filter either the signal from said transmitting 
station or a periodical signal having a predeter- 
mined frequency. 

wherein said controller performs control for apply- 
ing said periodical signal to said filter so as to 
conb-oi Hie time constant of said filter in accor- 
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dance with the output signal from said filter during 
a first time zone within each operation interval and 
for filtering, demodulating and delivering the signal 
from said transmitting station during a second time 
zone after completion of said time constant control. 
7. A radio receiver for receiving a signal, transmit- 
ted from a transmitting station at a predetermined 
period, intermittently at said period and demodulat- 
ing and delivering the same, comprising: 
a filter (2) operable for filtering an input signal and 
having its time constant switchable stepwise: 
a demodulating circuit (6) for demodulating and 
delivering an output signal (Fqut) from said filter; 
a controller (30) for controlling the time constant of 
said filter; and 

a selector (9), responsive to a command from said 
controller, for selectively connecting to said filter 
either an input line of a received signal from said 
transmitting station or a constant voltage source 
(Vb) for causing said filter to generate a triangular 
wave, 

wherein said controller performs control for apply- 
ing a periodical signal to said filter so as to control 
the time constant of said filter in accordance with 
the triangular-wave output signal from said filter 
during a first time zone within each operation inter- 
val and for filtering, demodulating and delivering 
the signal from said transmitting station during a 
second time zone after completion of said time 
constant control. 

8. A radio receiver for receving a signal, transmit- 
ted from a transmitting station at a predetermined 
period, intermittently at said period and demodulat- 
ing and delivering the same, comprising: 
a filter (2) operable for filtering an input signal and 
having its time constant switchable stepwise; 
an analog-digital converter (4) for analog-digital 
conversion of an output signal from said filter; 
a demodulating circuit (6) for demodulating and 
delivering an output signal from said analog-digital 
converter; 

a controller (3) for controlling the time constant of 
said filter; and 

an input switching circuit (1 ), responsive to a com- 
mand from said controller, for selectively inputting 
to said filter either the signal from said transmitting 
station or a periodical signal having a predeter- 
mined frequency, 

wherein said controller perfonns control for apply- 
ing said periodical signal to said filter so as to 
control the time constant of said filter in accor- 
dance with the output signal from said analog- 
digital converter during a first time zone within 
each operation interval and for filtering, demodulat- 
ing and delivering the signal from said transmitting 
station during a second time zone after completion 
of said time constant control. 

9. A radio receiver according to Claim 17. wherein 



said controller includes a standard pulse signal 
generator (31) for generating said periodical signal 
inputted to said filter, and a reference voltage (V,ef) 
supplied to said standard signal generator is used 
5 in common as a reference voltage supplied to said 
analog-digital converter. 

10. The method or receiver of any one of Claims 1 
to 9, wherein said filter includes a plurality of 
capacitors (211 to 213, 221 to 223) connectable in 

70 parallel under the control of said controller and 
having a ratio of capacitance between sequential 
capacitors which is 1:2. and said controller re- 
sponds to the output signal from said filter to 
control sequential connection of said capacitors 

75 beginning with a capacitor of a maximum capaci- 
tance and ending in a capacitor of a minimum 
capacitance so as to control the time constant of 
said filter. 

11. The method or receiver of any one of Claims 1 
20 to 9. wherein said filter includes a plurality of 

resistance elements (230 to 232. 240 to 242) con- 
nected in series and short-circuited under the con- 
trol of said controller and having a ratio of resis- 
tance between sequential resistance elements 

25 which is 1:2, and said controller responds to the 
output signal from said filter to control sequential 
short-circuiting of said resistance elements begin- 
ning with a resistance element of a maximum resis- 
tance and ending in a resistance element of a 

30 minimum resistance so as to confi-ol Vne time con- 
stant of said filter. 
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reception and for filtering the signal from the trans- 
mitting station and causing a demodualting circuit (6) 
to demodulate and deliver a filtered signal 
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